Perovskite manganite La 0.7 Ba 0.3 MnO 3 , synthesized by ionic coordination reaction method (ICR) was compacted into pellets under different compaction pressures (P c ) and sintered at a temperature of 1150°C for 10h under a flow of O 2 . X-ray diffraction (XRD) data reveal that the samples can present simultaneously two phases -a rhombohedral structure with space group R3c and an orthorhombic structure with space group Pnma. Scanning electron microscopy (SEM) images show that, for this sintering temperature, the particle size and shape can be modified depending on the compaction pressure (P c ). Magnetization measurements show that the saturation magnetization and Curie temperature increase with P c . The enhancement of the ferromagnetic properties of perovskite manganites La 0.7 Ba 0.3 MnO 3 as a function of the compaction pressure is explained by an increase in the rhombohedral/orthorhombic structure ratio caused by this effect.
Introduction
Perovskite-type RE 1-x AE x MnO 3 , with RE representing a rare earth and AE an alkaline earth ion (AE = Ca, Ba, Sr and Pb), has attracted great scientific interest because of its peculiar physical properties and potential technological applications such as magnetic recording, magnetic heating and switch control in hyperthermia treatment, refrigerating materials, and as a cathode in solid oxide fuel cells (SOFCs) [1] [2] [3] [4] [5] [6] . Its fundamental properties show a strong correlation between crystal structure and chemical composition, and it displays features such as electronic transport and magnetic properties. The LaMnO 3 compound is an A-type antiferromagnetic material with Neel temperature T N = 140 K, having an orthorhombic structure and space group Pnma, and at this stoichiometry the Mn element has valence (3+) 5 . The partial substitution of the trivalent element (La 3+ ) at the A site by divalent elements leads these compounds to present valence mixing in the metal element at the B site of its ABO 3 type structure. In this case, the manganese has valences (3+) and (4+), causing the existence of bonds of type Mn 3+ -Mn 3+ and Mn 3+ -Mn 4+ . This valence mixture is responsible for strengthening of effects such as colossal magnetoresistance (CMR) and the magnetocaloric effect (MCE) in manganites 6 . The La 1-x Ba x MnO 3 compounds have a high concentration of vacancies in both A (La/ Ba) and B (Mn) sites, which gives rise to large localized distortions, influencing the physical properties of the material [7] [8] [9] [10] [11] . It has been shown that in samples of type La 2/3 Ba 1/3 MnO 3 the crystal-structure parameters such as mean bond length <Mn -O> and the mean bond angle <Mn -O -Mn> are factors determining the properties of the manganites 12, 13 . Usually this variation leads to an increase in electron bandwidth that can strongly modify the Curie temperature and the metal-to-insulator transition temperature as well as decreasing the resistivity 12, 13 . Reported studies in the literature show that manganite properties such as insulator to metal transition temperature T IM , Curie temperature (T C ), charge ordering (CO) and magnetization can have a strong dependence on an applied hydrostatic pressure [13] [14] [15] [16] [17] . Although several studies have been carried out on manganites as a function of hydrostatic pressure, we have not found any paper reporting studies on the effect of compaction pressure on the physical properties of the pellet samples. The compaction pressure used to form the pellets before sintering can also be an important parameter affecting the magnetic and electron transport properties of manganites. Therefore, we decided to study the possible effects on the structural and magnetic properties of the manganite La 0.7 Ba 0.3 MnO 3 synthesized by the chemical method of ionic coordination reaction (ICR), preparing pellets under compaction pressures of 3.7x10 2 , 6.2x10 2 and 8.7x10 2 MPa. The crystal-structure and microstructural parameters, average particle sizes, micro deformation, lattice parameters and some magnetic properties were studied. We show that the compaction pressure modified the crystalline perovskite structure, the values of lattice parameters and magnetic properties. 2 O, which were added to an aqueous solution of chitosan based polymer. The chitosan based solution was prepared by dissolving 5% citric acid in 500 ml of distilled water and then adding 2% chitosan, and maintained under magnetic stirring for 24 h. After this period the solution was filtered to remove excess chemicals. The La, Ba and Mn nitrates were added, under magnetic stirring, to the chitosan solution in the desired stoichiometry (0.7La:0.3Ba:1.0Mn). Once this new solution was homogenized, 10% by volume of glutaraldehyde was added. After 2 hours at room temperature the solution became gelled. The gel was thermally treated on a hot plate for 8 hours at an average temperature of 150 °C. The calcined powder was used to produce a set of three pellets using a 10 mm diameter cylindrical pelletizer with compaction pressures of 3.7x10 2 , 6.2x10 2 and 8.7x10 2 MPa. The pellets were sintered in a tubular furnace at a temperature of 1150 °C for 10 hours in a flow of O 2 . The three sintered samples were named LBM 3.7 , LBM 6.2 and LBM 8.7 . X-ray diffraction (XRD) patterns of these pellets were obtained using a Rigaku diffractometer, model Mini flex II with Cu-K α radiation, using a scan step size of 0.02° and scan speed of 1°/min. The average size of the crystallites and crystal structure were obtained by the Rietveld method using Maud software 19, 20 . The morphologies were observed by scanning electron microscopy (SEM), using a Tescan-MIRA3 LMU microscope. Zero field cooled (ZFC) and field cooled (FC) measurements of the magnetic hysteresis loops measurements were performed in a vibrating sample magnetometer (VSM). For the ZFC magnetization curve, the sample is first cooled in a zero field from a high temperature down to a low temperature. Then the magnetic field is applied and the magnetization as a function of temperature is measured in the warming process. The FC curve is obtained by cooling the sample to the low temperature in the same magnetic field, then measuring magnetization versus temperature in the warming process.
Results and Discussion

Structural Analysis (XRD) and (SEM)
X-ray diffraction (XRD) patterns for samples LBM 3.7 , LBM 6.2 and LBM 8.7 are shown in Figure 1 . The formation of crystalline phases of La 0.7 Ba 0.3 MnO 3 perovskite is observed in the XRD patterns, but no other phase is observed within the resolution of the X-ray diffraction. The Rietveld refinement data show that samples LBM 3.7 ( figure 1(A) ) and LBM 6.2 ( figure 1(B) ) present two perovskite structures, a rhombohedral structure with space group R3c and an orthorhombic structure with space group Pnma. Figure 1(C) shows that sample LBM 8.7 only has the rhombohedral structure with space group R3c. Table 1 shows the crystalline parameters, obtained by Rietveld refinements, for all samples. These data reveal that the compaction pressure can be used to control the types of crystalline structure. The values of the a and c lattice parameters obtained by Rietveld refinements for all samples are very close to values already reported for bulk samples 21 . figures 1(A)-(B) show details of the (024) peak for the rhombohedral structure and of the (040) and (202) peaks for the orthorhombic structure for samples LBM 3.7 and LBM 6.2 , respectively. For sample LBM 8.7 , the insert in figure 1(C) shows that peak at 2θ = 46.48° was refined only as the rhombohedral crystalline structure. Figure 2 shows images from scanning electron microscopy (SEM) for samples LBM 3.7 , LBM 6.2 and LBM 8.7 , using two magnifications. In figures 2(a)-(c) we show the SEM micrographs with magnifications of 304 -306x, which show the microstructure of the pellet surfaces.
The inserts in
Low porosity can be observed, indicating that the compaction process and heat treatment were enough to produce a relatively homogeneous sample surface.
Analyzing the images we see an indication that the pellet compaction pressure can be an important parameter since it clearly modified the surfaces of the samples. Sample LBM 8.7 , made with an applied pressure of 8.7x10
2 MPa, shows a smoother surface, indicating a good sintering effect on the material. 
Figures 2 (d)-(f)
show SEM images with magnification of 30 kx for all the samples analyzed. We observe that sample LBM 3.7 consists of crystallites with sizes ranging from 0.50 -1.82 µm with a mean crystallite size of 1.11µm. For samples LBM 6.2 and LBM 8.7 , the average diameters obtained directly from the SEM pictures (figures 2(e)-(f)) were 126 nm and 108 nm, respectively.
We believe that this effect occurs in the synthesizing process in which metallic ions of the nitrates are bound to the chitosan chain. Due to the action of the glutaraldehyde, this then forms a cross-linked chain agglomerate, trapping the metal ions in very narrow spaces. The applied pressure on the pre-calcined powder breaks down the agglomerates into smaller parts that will form the crystallites during the sintering process. We conclude that the increase of compaction pressure P c decreases the average size of crystallites in the sintered samples. Thus, the larger the P c value the smaller the particle sizes that make up the resulting La 0.7 Ba 0.3 MnO 3 manganite. In addition, the effect of compaction pressure causes a decrease in the unit cell volume V, which leads to a decrease in the <Mn -O> bond length and to an increase in the <Mn -O -Mn> bond angles influencing the physical properties of the material. Figure 3 shows the magnetic hysteresis curves at a temperature of 10 K for samples LBM 3.7 , LBM 6.2 and LBM 8.7 . From the curves we observe ferromagnetic (FM) behavior for all samples. Sample LBM 3.7 has the lowest value of the saturation magnetization M S = 31 emu/g, while samples LBM 6.2 and LBM 8.7 exhibit M S values of 43 and 73 emu/g, respectively. The value of M S for sample LBM 3.7 is very close to the value obtained by Kundu et al. 22 for La 0.7 Ba 0.3 MnO 3 samples indexed as having an orthorhombic structure with the Pnma space group, whereas, for sample LBM 8.7 ,the higher M S value is near the value of approximately 80 emu/g 23 obtained for a rhombohedral structure with space group R3c [23] [24] [25] . The insert in figure 3 shows that the saturation magnetization increases proportionally with compaction pressure. ZFC and FC magnetization vs temperature measurements under a field of 100 Oe areshown in figure 4 . The Curie temperature T C , corresponding to a ferromagnetic to paramagnetic transition, is defined as the temperature corresponding to the minimum of the first derivative of the M(T) curve. The results of MxT indicate that the value of the transition temperature T C increases with compaction pressure.
Magnetization Measurements
For the sample LBM 3.7 a Curie temperature of T C = 288K was obtained. However, for samples LBM 6.2 and LBM 8.7 the T C values are greater than the maximum measurable temperature with VSM, T = 320K. The increase in the value of M S and T C can be explained by an increase in the amount of rhombohedral crystalline phase with increasing P c , which favors a ferromagnetic behavior.
Conclusion
We have investigated the influence of compaction pressure (P c ) on the physical properties of La 0.7 Ba 0.3 MnO 3 perovskite. XRD results showed that the samples are formed by two coexisting phases, one with a rhombohedral structure and other with an orthorhombic structure. The increase of the compaction pressure favored the formation of the rhombohedral crystalline structure. The SEM analysis shows that there is little porosity, indicating that the compaction and heat treatment were enough to produce homogeneus material. The SEM micrographs shown that the average size of crystallites decreases from 1110nm to 108nm with increasing P c . Magnetic measurements show a typical behavior for a ferromagnetic material at temperatures below T C . In addition, an increase in the compaction pressure causes an increase in the saturation magnetization from 31 to 73 emu/g and in the Curie temperature, as shown through the ZFC/FC measurements.
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